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[Name of Document] SPECIFICATION 



[Title of the Invention] SEMICONDUCTOR DEVICE, MEMORY SYSTEM AND 
ELECTRONIC APPARATUS 

[Claims] 

[Claim 1] A semiconductor device provided with a memory cell including a first 

driver transistor, a second driver transistor, a first transfer transistor, a second transfer transistor, a 
first load transistor and a second load transistor, the semiconductor device comprising: 

a first gate-gate electrode layer including a gate electrode of the first load transistor and a 
gate electrode of the first drivCT transistor, 

a second gate-gate electrode layer including a gate electrode of the second load transistor 
and a gate electrode of the second driver transistor, 

a first drain-drain wiring layer which forms a part of a connection layer that electricaUy 
connects a drain region of the first load transistor and a drain region of the first driver transistor, 

a second drain-drain wiring layer which forms a part of a connection layer that 
electrically connects a drain region of the second load transistor and a drain region of the second 
driver transistor, 

a first drain-gate wiring layer which forms a part of a connection layer that electrically 
connects the first gate-gate electrode layer and the second drain-drain wiring layer, 

a second drain-gate wiring layer which forms a part of a connection layer that electricaUy 
connects the second gate-gate electrode layer and the first drain-drain wiring layer, and 

a first active region in which the first load transistor is provided, 

wherein the first drain-gate wiring layer and the second drain-gate wiring layer are 
located in different layers, respectively, and 

wherein a first protraded active region is provided in a manner to protrude from an end 

portion of the first active region. 

[Claim 2] The semiconductor device according to claim 1, wherein the first 
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protruded active region is provided in a manner to protrude on a side opposite to a side where the 
first and second driver transistors are provided. 

[Claim 3] The semiconductor device according to claim 1 or 2, wherein a part of 

the first active region and the first protraded active region form an L-shape. 

[Claim 4] The semiconductor device according to any one of claims 1 to 3, 

comprises: 

a second active region in which die second load transistor is provided; and 

a second protruded active region provided in a manner to protrude trom an end portion 

of the second active region. 

[Qaim 5] The semiconductor device according to claim 4, wherein the second 

protruded active region is provided in a manner to protrude on a side opposite to a side where the 
firet and second driver transistors are provided. 

[Claim 6] The semiconductor device according to claim 4 or 5, wherein a part of 

the second active region and the second protraded active region form an l^shape. 

[Claim 7] The semiconductor device according to any one of claims 1 to 6, 

wherein the first drain-gate wiring layer is electrically connected to the second 
drain-drain wiring layer through a contact section, and 

wherein the second drain-gate wiring layer is electricaUy connected to the second 
gate-gate electrode layer through a contact section, and electricaUy connected to the first 
drain-drain wiring layer through a contact section, 

[Claim 8] The semiconductor device according to any one of claims 1 to 7, 

wherein the first drain-gate wiring layer is located in a layer lower than the second drain-gate 
wiring layer. 

[Claim 9] The semiconductor device according to any one of claims 1 to 8, 

wherein the first drain-gate wiring layer is located in a layer in which the first gate-gate electrode 
layer is provided. 

[Claim 10] The semiconductor device according to any one of claims 1 to 9, 
wherein the second drain-gate wiring layer is formed across a plurality of layers. 
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[Claim 11] The semiconductor device according to claim 10, 

wherein the second drain-gate wiring layer includes a lower layer of the second 
drain-gate wiring layer and an upper layer of the second drain-gate wiring layer, and 

wherein the upper layer is located in a layer over the lower layer, and electrically 

connected to the lower layer. 

[Claim 12] The semiconductor device according to claim 11, wherein the upper 

layo- is electrically connected to the lower layer through a contact section. 

[Claim 1 3] The semiconductor device according to claim 1 1 or 1 2, 

wherein the first gate-gate electrode layer, the second gate-gate electrode layer and the 
first drain-gate wiring layer are located in the first conductive layer, 

wherein the first drain-drain wiring layer, the second drain-^rain wiring layer and the 
lower layer are located in the second conductive layer, and 

wherein the upper layer is located in the third conductive layer. 

[Qaim 14] The semiconductor device according to any one of claims 1 to 13, 

wherein the second conductive layer is a nitride layer of a refi:actory metal. 

[Claim 15] The semiconductor device according to any one of claims 1 to 14, 

wherem the second conductive layer has a thickness of 100 nm to 200 nm. 

[Claim 16] A semiconductor device using as a memory cell a flip-flop including a 

firet load transistor, a fii^t driver transistor, a second load ttansistor and a second driver transistor, 

wherein the first and second load transistors in one memory cell are disposed 
symmetrically about a straight line extending in a gate width direction between drain regions of 
the first and second load transistors, and 

wherein each of the drain regions of the first and second load transistors includes a 
protruded active region protruding in the gate width direction beyond an end of a channel region. 

[Claim 17] A memory system provided with the semiconductor device defined in 

any one of claims 1 to 16. 

[QaimlS] An electronic apparatus provided with the semiconductor device 

defined in any one of claims 1 to 16. 
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petailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to semiconductor devices, such as, for example, static 
random access memories (SRAMs), and memory systems and electronic apparatuses provided 
with the same. 

[0002] 

[Background Art] 

SRAMs, one type of semiconductor memory devices, do not require a refreshing 
operation and therefore have a property that can simplify the system and lower power 
consumption. For this reason, the SRAMs are prevailingly used as memories for electronic 
equipment, such as, for example, mobile phones. 
[0003] 

[Problems to be Solved by the Invention] 

The objective of the present invention is to provide a semiconductor device that can 
reduce its cell area. 
[0004] 

Another objective of the present invention is to provide a memory system and an 
electronic apparatus that includes a semiconductor device of the present invention. 
[0005] 

[Means for Solving the Problems] 
1. Semiconductor Device 

1 . 1 First Semiconductor Device 

A semiconductor device in accordance with the present invention is provided with a 
memory ceU including a first driver transistor, a second driver transistor, a first transfer transistor, a 
second transfer transistor, a first load transistor and a second load transistor, and the semiconductor 
device comprises: 

a first gate-gate electrode layer including a gate electrode of the first load transistor and a 
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gate electrode of the first driver transistor, 

a second gate-gate electrode layer including a gate electrode of the second load transistor 
and a gate electrode of the second driver transistor, 

a first drain-drain wiring layer which forms a part of a connection layer that electricaUy 
connects a drain region of the first load transistor and a drain region of the first driver transistor, 

a second drain^lrain wiring layer which forms a part of a connection layer that 
electrically connects a drain region of the second load transistor and a drain region of the second 
driver transistor; 

a first drain-gate wiring layer which forms a part of a connection layer that electrically 
connects the first gate-gate electrode layer and the second drain-drain wiring layer; 

a second drain-gate wiring layer which forms a part of a connection layer that electricaUy 
connects the second gate-gate electrode layer and the first drain-drain wiring layer; and 

a first active region in which the first load transistor is provided, 

wherein the first drain-gate wiring layer and the second drain-gate wiring layer are 
located in different layers, respectively, and 

wherein a first protruded active region is provided in a manner to protrude firom an end 
portion of the first active region. 

[00061 

Here, the "wiring layer" means a conductive layer disposed over a field or an interlayer 
dielectric layer. 

[0007] 

In accordance with the present invention, the second drain-gate wiring layer is located 
above the first drain-gate wiring layer. In other words, the first drain-gate wiring layer and the 
second drain-gate wiring layer are located in different layers, respectively. As a result, in 
accordance with the present invention, the pattern density of a wiring layer in each of the layers 
where the first drain-gate wiring layer and the second drain-gate wiring layer are formed, 
respectively, can be reduced and the cell area can be made smaller, compared to the case where die 
first drain-gate wiring layer and the second drain-gate wiring layer are formed in die same layer. 

5 



[0008] 

Further, in accordance with the present invention, the first protruded active region is 
provided in a manner to protrude from an end portion of the first active region. As a result, for 
example, contacting area between the drain region of the first load transistor provided in the first 
active region and a contact section provided in an interlayer dielectric layer can be secured, and 
their contact resistance can be restrained from increasing. The reasons for this wiU be described 
later in the description of embodiments of the present invention. 

[0009] 

The semiconductor device of the present invention may take at least any one of the 
following features. 
[0010] 

(A) The first protruded active region may be provided in a manner to protrude on a side 
opposite to a side where the first and second driver transistors are provided. According to this 
feature, the first protruded active region can be prevented from reaching a well region in which the 
first and second driver transistors are provided. 

[0011] 

(B) A part of the first active region and the first protruded active region may form an 

L-shape. 

[0012] 

(C) The semiconductor device may con^rise a second active region in which the second 
load transistor is provided; and a second protruded active region provided in a manner to protrude 
from an end portion of the second active region. In accordance with this feature, for example, 
contacting area between the drain region of the second load transistor provided in die second 
active region and a contact section provided in an interlaya: dielectric layer can be secured, and 
their contact resistance can be restrained fi^om increasing. The reasons for this will be described 
later in the description of embodiments of the present invention. 

[0013] 

In the feature of (C), the second protruded active region may be provided in a manner to 

6 



protrade on a side opposite to a side where the first and second driver transistors are provided. 
According to this feature, the second protruded active region is prevented from reaching a weU 
region in which the first and second driver transistors are provided. 
[0014] 

Further, in the feature of (C), a part of the second active region and the second protruded 
active region may form an L-shape. 
[0015] 

(D) The first drain-gate wiring layer may be electrically connected to the second 
drain-drain wiring layer through a contact section, and 

the second diam-gate wiring layer may be electrically connected to the second gate-gate 
electrode layer through a contact section, and electricaUy connected to the first drain-drain wiring 
layer through a contact section, 

[0016] 

(E) The first drain-gate wiring layer may be located in a layer lower than the second 
drain-gate wiring layer. 

[0017] 

(F) The first diain-gate wiring layer may be located in a layer in which the first gate-gate 
electrode layer is provided. 

[0018] 

(G) The second drain-gate wiring layer may be formed across a plurahty of layers. 
[0019] 

In the feature of (G), the second drain-gate wiring layer may include a lower layer of the 
second drain-gate wiring layer and an upper layer of the second drain-gate wiring layer, and 

the uppo- layer may be located in a layer ovct the lower layer, and electrically connected 
to the lower layer. 

[0020] 

Further, in the feamrc of (G), the upper layer may be electricaUy connected to the lower 
layer through a contact section. 
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[0021] 

Further, in the feature of (G), the first gate-gate electrode layer, the second gate-gate 
electrode layCT and the first drain-gate wiring layer may be located m the first conductive layer, 

the first drain-drain wiring layer, the second drain-drain wiring layer and the lower layer 
may be located in the second conductive layer, and 

the upper layer may be located in the third conductive layer. 

[0022] 

(H) The second conductive layer may be a nitride layer of a reflectory metal (for 
example, titanium nitride). As the second conductive layer is a nitride layer of a refi:actory metal, 
the thickness of the second conductive layer can be reduced, and miniamrizing processmg can be 
readily performed. Accordingly, the cell area can be reduced. 

[0023] 

(I) The second conductive layer may have a thickness of 100 nm to 200 nm. 
[0024] 

1 .2 Second Semiconductor Device 

A semiconductor device in accorxlance with the present invention uses as a memory ceU 
a flip-flop mcluding a first load transistor, a first drivo: nansistor, a second load transistor and a 
second driver transistor, 

wherein the first and second load transistors in one memory ceU are disposed 
symmetrically about a straight line extending in a gate width direction between drain regions of 
the first and second load transistors, and 

wherein each of the drain regions of the first and second load transistors includes a 
protruded active region protruding in the gate width direction beyond an end of a channel region. 

[0025] 

It is noted that, in the present mvention, each of the drain regions includes a protruded 
active region protmding in the gate width direction beyond an end of a channel region. As a 
result, for example, contacting area between the drain region of the first load transistor and a 
contact section provided in an intearlayCT dielectric layer can be secured, and their contact 
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resistance can be restrained from increasing. The reasons for this wiU be described later in the 

description of embodiments of the invention. 

[0026] 

2. Memory System 

A memory system in accordance with the present invention is provided with the 
semiconductor device in accordance with the present invention. 
[0027] 

3. Electronic Apparatus 

An electronic apparatus in accordance with the present mvention is provided with the 
semiconductor device in accordance with the present invention. 
[0028] 

[Embodiments] 

An embodiment of the present invention is described. The present embodiment is the 
one in which a semiconductor device of the present invention is appUed to in an SRAM. 

[0029] 

1 . Equivalent Circuit of SRAM 

Fig. 1 shows a relationship between an equivalent circuit of an SRAM in accordance 
with the present embodiment and corresponding conductive layers. The SRAM of the present 
embodiment is a type in which one memory ceU is formed with six MOS field effect transistors. 
In other wowis, one CMOS inverter is formed with an n-channel type driver transistor Q3 and a 
p-channel type load transistor Q5. Also, one CMOS inverter is formed with an n-channel type 
driver transistor Q4 and a p-channel type load transistor Q6. These two CMOS inverters are 
cross^oupled to form a flip-flop. Further, one memory cell is formed finom this flip-flop and 
n-chaimel type transfer transistors Ql and Q2, 

[0030] 

2. Structure of SRAM 

A structure of the SRAM is described below. First, each figure is briefly described. 

[0031] 
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Fig. 1 shows a relationship between an equivalent circuit of an SRAM in acxordance 
with the present embodiment and corresponding conductive layers. Fig. 2 schematicaUy shows a 
plan view of a field of the memory cell of the SRAM in accordance with the present embodiment. 
Fig. 3 schematicaUy shows a plan view of a first conductive layer of the memory ceO of the 
SRAM in accordance with the present embodiment. Fig. 4 schematically shows a plan view of a 
second conductive layer of the memory ceU of the SRAM in accordance with the present 
embodiment. Fig. 5 schematicaUy shows a plan view of a third conductive layer of the memory 
ceU of the SRAM in accordance with die present embodiment. Fig. 6 schematicaUy shows a 
plan view of a fourth conductive layer of die memory ceU of die SRAM in accordance with the 
present embodiment. Fig. 7 schematicaUy shows a plan view of die field and die first conductive 
layer of die memory ceU of die SRAM in accordance widi die present embodiment. Fig. 8 
schematicaUy shows a plan view of die field and die second conductive layer of die memory ceU 
of die SRAM in accordance widi die present embodiment. Fig. 9 schematicaUy shows a plan 
view of die first conductive layer and die second conductive layer of die memory ceU of die 
SRAM in accordance widi die present embodiment. Fig. 10 schematicaUy shows a plan view of 
die second conductive layar and die diird conductive layer of die memory ceU of die SRAM in 
accordance widi die present embodiment Fig. 11 schematicaUy shows a plan view of die diird 
conductive layer and die fourdi conductive layer of die memory ceU of die SRAM in accordance 
widi die present embodiment. Fig. 12 schematicaUy shows a cross-sectional view taken along a 
Une A-A shown in Fig. 2 to Fig. 11. Fig. 13 schematicaUy shows a cross-sectional view taken 
along a line B-B shown in Fig, 2 to Fig. 11. 
[0032] 

The SRAM is formed including an element forming region formed in a field, a first 
conductive layer, a second conductive layer, a diird conductive layer, and a fourdi conductive layer. 
The structure of each of die field, and die first dirough fourdi conductive layers is concretely 
described below. 

[0033] 
2.1 Field 
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Referring to Fig. 2, the field is described. The field includes first through fourth active 
regions 14, 15, 16 and 17, first and second protruded active regions 18 and 19 and an element 
isolation region 12. The first through fourth active regions 14, 15, 16 and 17 and the first and 
second protruded active regions 18 and 19 are defined by the element isolation region 12. A 
region on the side where the first and second active regions 14 and 15 and the first and second 
protruded active regions 18 and 19 are formed is an n-type well region WIO, and a region on the 
side where the third and fourth active regions 16 and 17 are formed is a p-type weU region W20. 

[0034] 

The first active region 14 and the first protruded active region 18, and the second active 
region 15 and the second protruded active region 19 are disposed in a symmetrical relation in a 
planar configuration. Also, the third active region 16 and the fourth active region 17 are 
disposed in a symmetrical relation in a planar configuration. 

[0035] 

The first protmded active region 18 is provided m a manner to protrude from an end 
portion of the first active region 14. More concretely, the first protruded active region 18 may be 
provided in a manner to protrude toward a side opposite to the side where the p-weU region W20 
is formed. Also, a part of the first active region 14 and the first protruded active region 18 may 
form an l^shape. The first protruded active region 18 has a length LIO, which is, for example, 
0.14 ixm to 0.20 |Lim. The first protruded active region 18 has a width WIO, which is, for 
example, 0.18 pm to 0.22 Mm. Efiects provided by the provision of the first protmded active 
region 18 will be described below m section "Effects". 

[0036] 

The second protruded active region 19 is provided in a manner to protrade fit)m an end 
portion of the second active region 15. More concretely, the second protruded active region 19 
may be provided in a manner to protrude toward a side opposite to the side where the p-weU 
region W20 is formed. Also, a part of the second active region 15 and the second protruded 
active region 19 may form an L-shape. The second protruded active region 19 has a length L20, 
which is, for example, 0.14 ^im to 0.20 pm. The second protruded active region 19 has a width 
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W20, which is, for example, 0.18 ixm to 0.22 pirn. Effects provided by the provision of the 
second protruded active region 19 will be described below in section "Effects". 
[0037] 

The first load Uansistor Q5 is formed in the first active region 14 and the first protruded 
active region 18. In the first active region 14, a first p^-type impurity layer 14a is formed. In 
the first active region 14 and the first protruded active region 18, a second p*-type impurity layer 
14b is formed. The first p*-type in^urity layer 14a functions as a source of the first load 
transistor Q5. The second p'^-type impurity layer 14b fiinctions as a drain of the first load 
transistor Q5. 

[0038] 

The second load transistor Q6 is formed in the second active region 15 and the second 
protmded active region 19. In the second active region 15, a third p"-type impurity layer 15a is 
formed. In the second active region 15 and the second protruded active region 19, a fourth 
p^-type impurity layer 15b is formed. The third p*-type impurity layer 15a fiinctions as a source 
of the second load transistor Q6. The fourth p^-type impurity layer 15b fiinctions as a drain of 
the second load transistor Q6. 

[0039] 

In the third active region 16, the first driver transistor Q3 and the first transfer transistor 
Ql are formed- In the third active region 16, first through third n^-type unpurity layers 16a, 16b 
and 16c that are to become components of the transistors Ql and Q3, and a fifth p'^-type impurity 
layer 16d that coiiqwses a weU contact region are formed. The first n*-type impurity layer 16a 
fiinctions as a source or a drain of the first transfer transistor Ql . The second n*-type impurity 
layer 16b fiinctions as a drain of the first driver transistor Q3 and a source or a drain of the first 
transfer transistor Ql. The third n*-type impurity layer 16c fiinctions as a source of the first 
driver transistor Q3. 

[0040] 

In the fourth active region 17, the second driver transistor Q4 and the second transfer 
transistor Q2 are formed. In the fourth active region 17, fourth through sixth n*-type impurity 
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layers 17a, 17b and 17c that are to become components of the transistors Q2 and Q4, and a sixth 
p^-type impurity layer 17d that composes a weU contact region are formed. The fourth n^-type 
. impurity layer 17a functions as a source or a drain <rf the second transfer transistor Q2. The fifth 
n^-type impurity layer 17b ftinctions as a drain of the second driver transistor Q4 and a source or a 
drain of the second transfer transistor Q2. The sixth n'-type impurity layer 17c functions as a 
source of the second driver transistor Q4. 
[0041] 

2.2 First Conductive Layer 

Next, referring to Fig. 3 and Fig. 7, the first conductive layer is described. It is noted 
that the first conductive layer means a conductive layer that is formed on the field 10. 

[0042] 

The first conductive layer includes a first gate-gate electrode layer 20, a second gate-gate 
electrode layer 22, a first drain-gate wiring layer 30 and an auxiliary word line 24. 
[0043] 

The first gate-gate electrode layer 20 and the second gate-gate electrode layer 22 are 
formed in a manner to extend along a Y direction. The first drain-gate wiring layer 30 and the 
auxiliary word line 24 are formed in a marmer to extend along an X direction. 

[0044] 

Components of the first conductive layer are described concretely below. 
[0045] 

1) First Gate-Gate Electrode Layer 

The first gate-gate electrode layer 20 is formed in a manner to traverse the first active 
region 14 and the third active region 16, as shown in Fig. 7. The first gate-gate electrode layer 20 
fimctions as a gate electrode of the first load transistor Q5 and the first driver transistor Q3. 

[0046] 

The first gate-gate electrode layer 20 is formed in a manner to pass between the first 
p*-type impurity layer 14a and the second p*-type impurity layer 14b, in the first active region 14. 
In other words, the first gate-gate electrxjde layer 20, the first p*-type unpurity layer 14a and the 
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second p*-type impurity layer 14b form the first load transistor Q5. Also, the first gate-gate 
electrode layer 20 is fonned in a manner to pass between the second n*-type impurity layer 16a 
and the thiid n*-type inq)urity layer 16c, in the third active region 16. In other words, the first 
gate-gate electrode layer 20, the second n*-type impurity layer 16a and the third n*-type impurity 
layer 16c form the first driver transistor Q3. 
[0047] 

2) First Drain-Gate Wiring Layer 

The first drain-gate wiring layer 30 is formed in a manner to extend in the X direction 
ftom a side section of the first gate-gate electrode layer 20 toward the second gate-gate electrode 
layer 22. Also, as shown in Fig. 7, the first drain-gate wiring layer 30 is formed at least between 
the first active region 14 and the third active region 16. 

[0048] 

3) Second Gate-Gate Electrode Layer 

The second gate-gate electrode layer 22 is formed in a manner to traverse the second 
active region 15 and the fourth active region 17, as shown m Fig. 7. The second gate-gate 
electrode layer 22 fimctions as a gate electrode of the second load transistor Q6 and the second 
driver transistor Q4. 

[0049] 

The second gate-gate electrode layer 22 is formed in a manner to pass between the third 
p*-type impurity layer 15a and the fourth p*-type impurity layer 15b, in the second active region 
15. In other words, the second gate-gate electrode layer 22, the third p*-type impurity layer 15a 
and the fourth p^-type impurity layer 15b form the second load transistor Q6. Also, the second 
gate-gate electrode layer 22 is formed in a manner to pass between the fifth n*-type impurity layer 
17b and the sixth n*-type impurity layer 17c, in the fourth active region 17. In other words, the 
second gate-gate electrxxie layer 22, the fifth n*-type impurity layer 17b and the sixth n*-type 
impurity layer 17c form the second driver transistor Q4. 

[0050] 

4) Auxihary Word Line 

14 



The auxiliary word line 24 is formed in a manner to traverse the third active region 16 
and the fourth active region 17, as shown in Fig. 7. The auxiliary word line 24 functions as a 
gate electrode of the first and second transfer transistors Ql and Q2. 

[0051] 

The auxiliary word line 24 is formed in a manner to pass between the first n'^-type 
impurity layer 16a and the second n*-type impurity layer 16b, in the third active region 16. In 
other words, the auxiliary word line 24, the first n*-type impurity layer 16a and the second n*-type 
impurity layer 16b form the first transfer transistor Ql. Also, die auxiliary word line 24 is 
formed in a manner to pass between the fourth n^-type impurity layer 17a and the fifth n^-type 
inq)urity layer 17b, in the fourtii active region 17. In other words, the auxiliary word line 24, the 
fourth n^-type impurity layer 17a and the fifth n*-type impurity layer 17b form the second transfer 
transistor Q2. 

[0052] 

5) Cross-sectional Stmcture of First Conductive Layer and others 

The first conductive layer may be formed by successively depositing a polysilicon layer 
and a silicide layer in layers, for example. 

[0053] 

As shown in Fig. 12 and Fig. 13, a first mterlayer dielectric layer 90 is formed on the 
field and the first conductive layer. The first interlayer dielectric layer 90 may be formed through 
a planarization process utilizing, for example, a chemical mechanical poUshing method. 

[0054] 

2.3 Second Conductive Layer 

Referring to Fig. 4, Fig. 8 and Fig. 9, the second conductive layer is described below. It 
is noted that the second conductive layer means a conductive layer that is formed on the first 
interlayer dielectric layer 90. 

[0055] 

The second conductive layer includes, as shown in Fig. 4, a first drain-drain wiring layer 
40, a second drain-drain wiring layer 42, a lower layer 32a of the second drain-gate wiring layer, a 
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first BL contact pad layer 70a, a first bar-BL contact pad layer 72a, a first Vss contact pad layer 
74a and a Vdd contact pad layer 76. 
[0056] 

The first drain-diain wiring layer 40, the second drain-drain wiring layer 42 and the 
lower layer 32a of the second drain-gate wiring layer are formed in a manner to extend in the Y 
direction (the load transistor and the driver transistor). The first drain-drain wiring layer 40, the 
second drain-drain wiring layer 42 and the lower layer 32a of the second drain-gate wiring layer 
are successively disposed in the X direction. 

[0057] 

Components of the second conductive layer are concretely described below. 
[0058] 

1) First E)rain-I>rain Wiring Layer 

The first drain-drain wiring layer 40 has portions that overlap the first active region 14 
and the third active region 16 as viewed in a plan view (see Fig. 8). More concretely, one end 
portion 40a of the first drain-drain wiring layer 40 is located above the second p"-type impurity 
layer 14b. The one end portion 40a of the first drain-drain wiring layer 40 and the second 
p^-type impurity layer 14b are electricaUy connected to each other through a contact section 
between the field and the second conductive layer (herein blew referred to as a "field/second-layer 
contact section") 80. The other end portion 40b of the first drain-drain wiring layer 40 is located 
above the second n*-type impurity layer 16b. The other end portion 40b of the first drain^n 
wiring layer 40 and the second n*-type impurity layer 16b are electrically connected to each other 
through the field/second-layer contact section 80. 
[0059] 

2) Second Drain-Drain Wiring Layer 

The second drain-drain wiring layer 42 has portions that overlap the second active region 
15 and the fourth active region 17 as viewed in a plan view (see Fig. 8). More concretely, one 
end portion 42a of the second drain-drain wiring layer 42 is located above the fourth p*-type 
impurity layer 15b. Tlie one end portion 42a of the second drain-drain wiring layer 42 and the 
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fourth p'^-type impurity layer 15b are electricaUy connected to each other through the 
field/second-layer contact section 80. The other end portion 42b of the second drain-drain wiring 
layer 42 is located above the fifth n^-type iii^)urity layer 17b. The other end portion 42b of the 
second drain-drain wiring layer 42 and the fifth n*-type impurity layer 17b are electrically 
connected to each other through the field/second-layer contact section 80. 
[0060] 

Further, the second drain-drain wiring layer 42 has a portion that overiaps an end portion 
30a of the first drain-gate wiring layer 30 as viewed in a plan view (see Fig. 9). The second 
drain-drain wiring layer 42 and the end portion 30a of die first drain-gate wiring layer 30 are 
electrically connected to each other through a contact section between the first conductive layer 
and the second conductive layer (hereafter referred to as a "first-layer/second-layer contact 
section") 82. 

[0061] 

3) Lower Layer of Second Drain-Gate Wmng Layer 

The lower layer 32a of the second drain-gate wiring layer is formed on the opposite side 
of the first drain-drain wiring layer 40 with respect to the second drain-drain wiring layer 42 as 
being a reference. The lower layer 32a of the second drain-gate wiring layer has a portion tiiat 
overiaps the second gate-gate electnxle layer 22 as viewed in a plan view (see Fig. 9). The lower 
layer 32a of die second drain-gate wiring layer, and the second gate-gate electrode layer 22 are 
electrically connected to each other through the first-layer/second-layer contact section 82. 

[0062] 

4) First BL Contact Pad Layer 

The first BL contact pad layer 70a is located above the first n*-type impurity layer 16a in 
the third active region 16 (see Fig. 8). The first BL contact pad layer 70a and the first n^-type 
mipurity layer 16a are electrically connected to each other through the field/second-layer contact 
section 80. 

[0063] 

5) First Bar-BL Contact Pad Layer 
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The first bar-BL contact pad layer 72a is located above the fourth n*-type impurity layer 
17a in the fourth active region 17 (see Fig. 8). The first bar-BL contact pad layer 72a and the 
fourth n*-type impurity layer 17a are electricaUy connected to each other through the 
field/second-layer contact section 80. 

[0064] 

6) First Vss Contact Pad Layer 

The first Vss contact pad layers 74a are located above the sources of the driver transistors 
Q3 and Q4 (for example, the third n*-type impurity layer 16c) and the weU contact region (for 
example, the fifth p*-type in^urity layer 16d) (see Fig. 8). Each of the first Vss contact pad 
layers 74a is electricaUy connected to the source of each of the driver transistors Q3 and Q4 (for 
example, the third n*-type impurity layer 16c) through the field/second-layer contact section 80. 
Also, the first Vss contact pad layer 74a is electricaUy connected to the weU contact region (for 
example, the fourth p*-type in^urity layer 16d) through the field/second-layer contact section 80. 

[0065] 

7) Vdd Contact Pad Layer 

Each of the Vdd contact pad layers 76 is located above the source (for example, the first 
p^-type impurity layer 14a) of each of the load transistors Q5 and Q6. Each of the Vdd contact 
pad layers 76 is electricaUy connected to the source (for example, the first p*-type impurity layer 
14a) of each of the load transistors Q5 and Q6 through the field/second-layer contact section 80. 

[0066] 

8) Cross-Sectional Stracture of Second Conductive Layer 

Next, a cross-sectional structtire of the second conductive layer is described with 
reference to Fig. 12 and Fig. 13. The second conductive layer may be formed only from, for 
example, a nitride layer of a refractory metal. The thickness of the second conductive layer may 
be for example 100 nm to 200 nm, and more specificaUy be 140 nm to 160 nm. The nitride layer 
of a refi^tory metal may be formed from, for example, titanium nitride. Because the second 
conductive layer is formed from a nitride layer of a refractory metal, tiie thickness of the second 
conductive layer can be made smaUer, and miniature processing thereof can be readily conducted. 
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Accordingly, the cell area can be reduced. 
[0067] 

Also, the second conductive layer may be composed in either one of the following 
embodiments. 1) It may have a structure in which a nitride layer of a refractory metal is formed 
on a metal layer formed from a refractory metal, hi this case, the metal layer formed from a 
refractory metal is an undCT-Iayer, and may be composed of a titanium layer, for example. 
Titanium nitride may be listed as a material of the nitride layer of a refractory metal. 2) The 
second conductive layer may be composed only of a metal layer of a refractory metal. 

[0068] 

Next, a cross-sectional stnicture of the field/second-layer contact section 80 is described 
with lefCTence to Fig. 12 and Fig. 13. The field/second-layer contact section 80 is formed in a 
manner to fill a through hole 90a that is formed in the first interiayer dielectric layer 90. The 
field/second-layer contact section 80 includes a barrio layer 80a, and a plug 80b formed over the 
barrier layer 80a. Titanium and tungsten may be Usted as material of the plugs. The barrier 
layer 80a may be formed from a metal layer of a refractory metal, and a nitride layer of a 
refractory metal foraied over the metal layer. For example, titanium may be Usted as material of 
the metal layer of a refractory metal. Titanium nitride, for example, may be listed as material of 
the nitride layer of a refractory metal. 

[0069] 

Next, a cross-sectional structure of the first-layer/second-layer contact section 82 is 
described with ref^ence to Fig. 12 and Fig. 13. The first-layer/second-layer contact section 82 is 
foimed in a manner to fill a through hole 90b that is formed in the first interiayer dielectric layer 
90. The first-layer/second-layer contact section 82 may have the same structure as that of the 
field/second-layer contact section 80 described above. 

[0070] 

A second interiayer dielectric layer 92 is formed in a manner to cover the second 
conductive layer. The second int^layer dielectric layer 92 may be formed through a 
planarization process using, for example, a chemical mechanical polishing method. 
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[0071] 

2.4 Third Conductive Layer 

The third conductive layer is described below with reference to Fig. 5 and Fig. 10. It is 
noted that the third conductive layer means a conductive layer that is formed on the second 
interlayer dielectric layer 92 (see Fig. 12 and Fig. 13). 

[0072] 

The third conductive layer includes an upper layer 32b of the second drain-gate wiring 
layer, a main word line 50, a Vdd wiring 52, a second BL contact pad layer 70b, a second bar-BL 
contact pad layer 72b and a second Vss contact pad layer 74b. 

[0073] 

The upper layer 32b of the second drain-gate wiring layer, the main word line 50 and the 
Vdd wiring 53 are formed in a manner to extend along the X direction. The second BL contact 
pad layer 70b, the second bar-BL contact pad layer 72b and the second Vss contact pad layer 74b 
are formed in a manner to extend along die Y direction. 

[0074] 

Components of the third conductive layer are concretely described below. 
[0075] 

1) Upper Layer of The Second Drain-Gate Wiring Layer 

The upper layer 32b of die second drain-gate wiring layer is formed in a manner to 
traverse the second drain-drain wiring layer 42 in the second conductive layer, as shown in Fig. 10. 
More concretely, the upper layer 32b of the second drain-gate wiring layer is formed from an area 
above the end portion 40b of the first drain-drain wiring layer 40 to an area above an end portion 
32al of the lower layer 32a of the second drain-gate wiring layer. The upper layer 32b of the 
second drain-gate wiring layer is electrically connected to the end portion 40b of the first 
drain-drain wiring layer 40 through a contact section between the second conductive layer and the 
third conductive layer (herein after referred to as a "second-layer/third-layer contact section'') 84. 
Also, the upper layer 32b of the second drain-gate wiring layer is electrically connected to the end 
portion 32al of the lower layer 32a of the second drain-gate wiring layer through the 
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second-layer/third-layer contact section 84. 
[0076] 

As shown in Fig. 1, the first drain-drain wiring layer 40 in the second conductive layer 
and the second gate-gate electrode layer 22 in the first conductive layer are electricaUy connected 
to each other through the second-layer/third-layer contact section 84, the upper layer 32b of the 
second gate-drain wiring layer, the second-layer/third-layer contact section 84, the lower layer 32a 
of the second gate-drain wiring layer, and the first-layer/second-layer contact section 82. 

[0077] 

2) Vdd Wiring 

The Vdd wiring 52 is formed in a manner to pass over the Vdd contact pad layer 76, as 
shown in Fig, 10. The Vdd wiring 52 is electrically connected to the Vdd contact pad layer 76 
through the second-layer/third-layer contact section 84. 

[0078] 

3) Second BL Contact Pad Layer 

The second BL contact pad layer 70b is located above the first BL contact pad layer 70a. 
The second BL contact pad layer 70b is electrically connected to the first BL contact pad layer 70a 
through the second-laya/third-layer contact section 84. 

[0079] 

4) Second bar-BL Contact Pad Layer 

The second bar-BL contact pad layar 72b is located above the first bar-BL contact pad 
layer 72a. The second bar-BL contact pad layer 72b is electrically connected to the first bar-BL 
contact pad layer 72a through the second-layer/third-layer contact section 84. 

[0080] 

5) Second Vss Contact Pad Layer 

The second Vss contact pad layer 74b is located above the second Vss contact pad layer 
74a. The second Vss contact pad layer 74b is electrically connected to the first Vss contact pad 
layer 74a through the second-layer/third-layer contact section 84. 

[0081] 
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6) Cross-sectional structure of Third Conductive Layer 

Next, a cross-sectional structure of the third conductive layer is described with reference 
to Fig. 12 and Fig. 13. The third conductive layer has a structure in which, for example, a nitride 
layer of a refractory metal, a metal layer, and a nitride layer of a refractory metal, in this ordex 
from the bottom, are successively stacked in layers. For example, titanium nitride may be listed 
as material of the nitride layer of a refractory metal. Aluminum, copper or an aUoy of these 
metals, for exanq)le, may be listed as material of the metal layer. 

[0082] 

Next, a cross-sectional structure of the second-layer/third-layer contact section 84 is 
described. The second-layer/third-layer contact section 84 is formed in a manner to fill a through 
hole 92a formed in the second interlayer dielectric layer 92. The second-layer/third-layer contact 
section 84 may be provided with the same structtire as that of the field/second-layer contact 
section 80 described above. 

[0083] 

A third interlayer dielectric layer 94 is formed in a maimer to cover the third conductive, 
layer. The third interlayer dielectric layer 94 may be formed through a planarization process 
using, for exanq)le a chemical mechanical polishing method. 

[0084] 

2.5 Fourth Conductive Layer 

The fourth conductive layer is described below with reference to Fig. 6 and Fig. 11. It 
is noted that the fourth conductive layer means a conductive layer that is formed on the third 
interlayer dielectric layer 94. 

[0085] 

The fourth conductive layer includes a bit line 60, a bit-bar line 62 and a Vss wiring 64. 
[0086] 

The bit line 60, the bit-bar line 62 and die Vss wiring 64 are formed in a manner to 
extend along the Y direction. 
[0087] 

22 



Compositions of the bit line 60, the bit-bar line 62 and the Vss wiring 64 are concretely 
described below. 
[0088] 

1) Bit Line 

The bit line 60 is formed in a manner to pass over the second BL contact pad layer 70b, 
as shown in Fig. 11. The bit hne 60 is electrically connected to the second BL contact pad layer 
70b through a contact section between the third conductive layer and the fourth conductive layer 
(herein below referred to as a "third-layer/fourth-layer contact section'^ 86. 

[0089] 

2) Bar-Bit Line 

The bit-bar line 62 is formed in a manner to pass over the second bar-BL contact pad 
layer 72b, as shown in Fig, 1 1 . The bit-bar line 62 is electrically connected to the second bar-BL 
contact pad layer 72b through the third-layer/fourth-layer contact section 86. 

[0090] 

3) Vss Wiring 

The Vss wiring 64 is formed in a manner to pass over the second Vss contact pad layer 
74b, as shown in Fig. 11. The Vss wiring 64 is electrically connected to the second Vss contact 
pad layer 74b through the third-layrar/fourth-layer contact section 86. 

[0091] 

4) Cross-Sectional Structure of Fourth Conductive Layer 

Next, a cross-sectional structure of the fourth conductive layer is described with 
reference to Fig. 12 and Fig. 13. The fourth conductive layer may have the same structure as the 
stmctui^ of the third conductive layer described above. 

[0092] 

Next, a cross-sectional structure of the third-layer/fourth-layer contact section 86 is 
described. The third-layer/fourth-layer contact section 86 is formed in a manner to fill a through 
hole 94a that is formed in the third interlayer dielectric layer 94. The third-layer/fourth-layer 
contact section 86 may have the same structure as the structure of the field/second-layer contact 
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section 80 described above. 
[0093] 

Although not shown in Fig. 12 or Fig. 13, a passivation layer may be formed on the 
fourth conductive layer. 

[0094] 
3. Effects 

Effects provided by the semiconductor device in accordance with the present 
embodiment are described below, 
[0095] 

(1) A first drain-gate wiring layer and a second drain-gate wiring layer could be formed 
in the same conductive layer. However, in this case, it is difficult to reduce the cell area due to 
the high pattern density of the conductive layer where the first and second drain-gate wiring layers 
are formed. 

[0096] 

However, in accordance with the present embodiment, the first drain-gate wiring layer 30 
is located in the first conductive layer. Also, the second drain-gate wiring layer has a structure 
that is divided into the lower layer 32a of the second drain-gate wiring layer and the upper layer 
32b of the second drain-gate wiring layer. The lower layer 32a of the second drain-gate wiring 
layer is located in the second conductive layer, and the upper layer 32b of the second drain-gate 
wiring layer is located in the third conductive layer. Consequentiy, die first drain-gate wiring 
layer and the second drain-gate wiring layer are formed in different layers, respectively. 
Accordingly, since the first drain-gate wiring layer and the second drain-gate wiring layer are not 
formed in the same layer, the pattern density of the wiring layer can be reduced. Therefore, by 
the memory cell in accoidance with the present embodiment, the ceU area can be reduced. 

[0097] 

(2) In the present embodiment, the first protruded active region 18 that protrudes fi^om an 
end portion of the first active region 14 is provided. The resultant effects are described below. 

[0098] 
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As an example for comparison, let us consider the case in which active regions 114 and 
115 having a pattern shown in Fig. 17 A are formed. In other words, let us consider the case in 
which protruded active regions that protrude from the end portions of the active regions 114 and 
115 are not formed. When the active regions 114 and 115 are formed, their patterns are defined 
by a resist pattern. In the mean time, when a resist pattern having comer sections is formed, the 
resist pattern at the comer sections may be rounded due to the approximation effect. Accordingly, 
as shown in Fig. 17B, the active regions 114 and 115 may be formed with the patterns at comer 
sections CIO, C20, C30 and C40 being rounded. When the comer sections CIO, C20, C30 and 
C40 at the ends are rounded, the area of each of the active regions 114 and 115 is reduced 
accordingly. Therefore, contact areas between tiie impurity layers (for example, drain regions) 
114b and 115b and the contact sections are reduced. As die contact areas are reduced, die 
contact resistance between die impurity layers 114b and 115b and die contact sections becomes 
greater. 

[0099] 

In accordance with the present embodiment, the first protraded active region 18 that 
protrudes from the end portion of die first active region 14 is provided. As a result, die first 
protmded active region 18 may be rounded due to die q)proximation effect, die first active region 
14 is prevented from being rounded, and die reduction of die area of die first active region 14 can 
be prevented. Accordingly, die contact area between die impurity layer 14b and die contact 
section 80 can be securely provided. As a result, die contact resistance between die impurity 
layer 14b and die contact section 80 can be prevented fixim increasing. 

[0100] Also, in accordance widi die present embodiment, die second protraded active 
region 19 diat protmdes fix)m die end portion of die first active region 15 is provided. Therefore, 
for die same reasons as described above, die contact resistance between die inq)urity layer 15b and 
the contact section 80 can be prevented fiom increasing. 

[0101] 

(3) Also, in accordance with die present embodiment, die first and second protraded 
active regions 18 and 19 may be provided in a manner to protrade toward die sides opposite to die 
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sides where the p-weU region W20. fa other words, the first and second protruded active regions 
18 and 19 may be provided in a manner to protrude toward the sides opposite to the sides where 
the driver transistors Q3 and Q4 are provided. In this case, the first and second protruded active 
regions 18 and 19 can be prevented from reaching the p-well region W20. Also, the first and 
second protruded active regions 18 and 19 are prevented from being short-circuited with the first 
drain-gate wiring layer 30. 
[0102] 

4. Example of Application of SRAM to Electronic Equipment 

The SRAM in accordance with the present embodiment may be applied to electronic 
equipment, such as, for example, mobUe equipment. Fig. 14 shows a block diagram of a part of 
a mobUe telephone system. A CPU 540, an SRAM 550 and a DRAM 560 are mutuaUy 
connected via a bus line. Further, the CPU 540 is connected to a keyboard 510 and an LCD 
driver 520 via the bus line. The LCD driver 520 is connected to a Uquid crystal display section 
530 via the bus line. The CPU 540, the SRAM 550 and the DRAM 560 compose a memory 
system. 

[0103] 

Fig. 15 shows a perspective view of a mobile telephone 600 that is provided with the 
mobile telephone system shown in Fig. 14. The mobUe telephone 600 is equipped with a main 
body section 610 including a keyboard 612, a liquid crystal display section 614, a receiver section 
616 and an antenna section 618, and a lid section 620 including a transmitter section 622. 

[0104] 

The present invention is not limited to the embodiment described above, and a variety of 
modifications can be made within the scope of the subject matter of the present invention. 
[0105] 

It is noted that, in the embodiment described above, the load transistor and the driver 
transistor on the left side are defined as the first load transistor and the first driver transistor, 
respectively. However, the load transistor and the driver transistor on the right side may be 
defined as the first load transistor and the first driver transistor, respectively. 
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[Brief Description of the Drawings] 
[Figl] 

Fig. 1 shows a relationship between an equivalent circuit of an SRAM in accordance with 
the present embodiment and corresponding conductive layers. 
[Fig.2] 

Fig. 2 schematically shows a plan view of a field of the memory cell of the SRAM in 
accordance with the present embodiment. 

[Fig.3] 

Fig. 3 schematically shows a plan view of a first conductive layer of the memory cell of 
the SRAM in accordance with the present embodiment. 
[Fig.4] 

Fig. 4 schematically shows a plan view of a second conductive layer of the memory cell of 
the SRAM in accordance with the present embodiment. 
[Fig.5] 

Fig. 5 schematically shows a plan view of a third conductive layer of the memory cell of 
the SRAM in accordance with die present embodiment. 
[Fig.6] 

Fig. 6 schematically shows a plan view of a fourth conductive layer of the memory cell of 
the SRAM in accordance with the present embodiment. 
[Fig.7] 

Fig. 7 schematically shows a plan view of the field and the first conductive layer of the 
memory cell of the SRAM in accordance with the present embodiment. 
[Fig.8] 

Fig. 8 schematically shows a plan view of the field and the second conductive layer of the 
memory cell of the SRAM in accordance with the present embodiment. 
[Fig.9] 

Fig. 9 schematically shows a plan view of the first conductive layer and the second 
conductive layo" of the memory cell of the SRAM in accordance with the present embodiment. 
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[Fig.lO] 

Fig. 10 schematically shows a plan view of the second conductive layer and the third 
conductive layer of the memory cell of the SRAM in accordance with the present embodiment. 
[Fig.ll] 

Fig. 11 schematically shows a plan view of the third conductive layer and the fourth 
conductive layer of the memory cell of the SRAM in accordance with the present embodiment. 
[Fig.l2] 

Fig. 12 schematically shows a cross-sectional view taken along a line A-A shown in Fig. 2 
to Fig. 11. 

[Fig.l3] 

Fig. 13 schematically shows a cross-sectional view taken along a line B-B shown in Fig. 2 
to Fig. 11. 

[Fig.l4] 

Fig. 14 shows a block diagram of a part of a mobile telephone system provided with the 
SRAM in accordance with the present embodiment. 
[Fig.l5] 

Fig. 15 shows a perspective view of a mobile telephone that is provided with the mobile 
telephone system shown in Fig. 14. 
[Fig.l6] 

Fig. 16 is an illustration to describe the effects of the present embodiment. 
[Fig.l7] 

Fig. 17 A schematically shows a plan view of a plane of an active region of an example for 
comparison, and Fig. 17B is an illustration to describe problems of the example for comparison. 

[Explanation of Reference Numerals] 
10 silicon substrate 
12 element isolation region 
14 first active region 
14a, 14b P -type impurity layer 
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15 


second active region 


15a, 


15b P^-type impurity layer 


16 


third active region 


16a, 


16b, 16c n^'-type inq)urity layer 


16d 


p^-type impurity layer 


17 


fourth active region 


17a, 17b, 17c n*-type impurity layer 


17d 


p^-type impurity layer 


18 


first protruded active region 


19 


second protruded active region 


20 


first gate-gate electrode layer 


22 


second gate-gate electrode layer 


24 


auxiliary word line 


30 


first gate-drain wiring layer 


32a 


lower layer of second gate-drain wiring layer 


32b 


upper layer of second gate-drain wiring layer 


40 


first drain-drain wiring layer 


42 


second drain-drain wiring layer 


50 


main word line 


52 


Vdd wiring 


60 


bit line 


62 


bit-bar line 


64 


Vss wiring 


70a 


first BL contact pad layer 


70b 


second BL contact pad layer 


72a 


first bar-BL contact pad layer 


72b 


second bar-BL contact pad layer 


74a 


first Vss contact pad layer 
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74b second Vss contact pad layer 

76 Vdd contact pad layer 

80 field/second-layer contact section 

82 first-layer/second-layer contact section 

84 second-layer/third-layer contact section 

86 third-layer/fourth-layer contact section 

90 interlayer dielectric layer 

90a through hole 

92 interlayer dielectric layer 

92a through hole 

94 interlayer dielectric layer 

94a through hole 

Q 1 first transfer transistor 

Q2 second transfer transistor 

Q3 first driver transistor 

Q4 second driver transistor 

Q5 first load transistor 

Q6 second load transistor 
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Fig. 4 

Second conductive laver 
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Fig. 5 

Third conductive laver 
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Fig. 7 

Fi«>iH / First conductive laver 
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Fig. 9 

First conductive la ver / Second conductive laver 
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Fig. 10 

Second conductive laver / Third cond uctive laver 
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Fig. 14 
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[Name of Document] 



ABSTRACT 



[Abstract] 



[Object] 



The present invention provides a semiconductor device that can reduce its cell 



area. The present invention fimh^ provides a memory system and an electronic apparatus that 
5 includes a semiconductor device of the present invention. 

[Arrangement] A semiconductor device is provided with an SRAM memory cell. The 
semiconductor device includes a first gate-gate electrode layer 20, a second gate-gate electrode 
layer 22, a first drain-drain wiring layer 40, a second drain-drain wiring layer 42, a first drain-gate 
wiring layer 30 and second drain-gate wiring layers 32a and 32b. The first drain-gate wiring 
10 layer 30 and an upper layer and a lower layer of the second drain-gate wiring layer 32a and 32b 
are located in different layers, re^)ectively. A first protruded active region 18 is provided in a 
manner to protrude fix)m an end portion of the first active region 14. 
[Selected Figure] Fig. 2 
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